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SOIL ASSOCIATIONS

. Chelsea-Hillsdale-Oshtemo:  Sloping,
excessively drained, sandy Chelsea in
wind-blown sands, well drained, loamy
Hillsdale in glacial till and well drained,
loamy Oshtemo on outwash sand and
gravel.

. Fox-Martinsville-Alluvial soils:  Sloping
and nearly level, well drained, loamy Fox
on outwash sand and gravel, and loamy
Martinsville on outwash sand and silt and
associated soils in alluvial deposits.

. Fulton-Rimer-Milford-Rensselaer:  Nearly
level, somewhat poorly drained, clayey,
Fulton and sand over clayey Rimer, and
very poorly drained, clayey Milford and
loamy Rensselaer, all in lake deposits.

. Sebewa-Homer-Gilford: Nearly level,
very poorly drained, loamy Sebewa,
somewhat poorly drained, loamy Homer,
and very poorly drained, loamy Gilford on
outwash sand and gravel.

. Maumee-Gilford-Renssalaer: Nearly
level, very poorly drained, sand, Maumee
and loamy Gilford and Rensselaer in out-
wash or lake deposited sand and silt.

. Oshtemo-Fox: Nearly level and sloping,
well drained, loamy soils on outwash
sand and gravel.

40.
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Plainfield-Tyner-Oshtemo: Sloping, ex-
cessively drained, sandy Plainfield in
wind-blown sands and sloping and nearly
level, excessively drained, sand Tyner
and wel! drained, loamy Oshtemo on out-
wash sand and gravel.

Plainfield-Chelsea: Sloping, excessively
drained, sandy soils in wind-blown sands.
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STATE OF MICHIGAN
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T.35N
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s &8 6 )5
I - § = 49. Renselaer-Whitaker:  Nearly level, very
0 kad . 27 NI poorly drained, loamy Rensselaer and
e somewhat poorly drained, loamy Whitaker
TN 55 - 8w on outwash or lake-deposited sand and
= silt.
&3\ 535
- £- N 51. Volinia:  Nearly level, well drained,
o _16.1 e loamy soils on outwash and gravel.
' -108
RTERSBE L - 54. Warsaw-Elston-Fox: Nearly level, well
T3NS . .
T 32N : drained, loamy soils on outwash sand
R BE R 9E R 9E RICE R.IDE. R IIE R.ITE RIZE
and gravel.

58. Crosier-Brookston: Nearly level,
somewhat poorly drained, loamy Crosier
and very poorly drained, loamy Brookston
in glacial till.

61. Blount-Morley-Pewamo: Nearly level,

. somewhat poorly drained, clayey Blount
General Soil Map N and very poorly drained, clayey Pewamo
and sloping, well drained, clayey Morley
AGRICULTURAL EXPERIMENT STATION AND | in glacial till.
COOPERATIVE EXTENSION SERVICE, PURDUE 62. Blount-Pewamo: Nearly level,
UNIVERSITY; AND THE SOIL CONSERVATION somewhat poorly drained, clayey Blount
SERVICE, U.S. DEPARTMENT OF AGRICULTURE and very poorly drained, clayey Pewamo
in glacial till.
Note: This map is intended for general planning. R . .
Each delineation contains soils different from those 63. g”'a,m"dﬁl :idles-Ch;IQSIef ’ ds:;fg:lg’ wel(;
shown in the legend. For operational planning, use ralr:e I, o?my 'aTl' tan : des. and
detailed soil maps that may be available in publish- lnear y Ceve: sqme\?/ a.l Ipt(?ﬁr y drainec,
ed or unpublished form at the local Soil and Water oamy Lrosier in glacial 1.
Conservation District Office. 86. Morley-Blount:  Sloping, well drained,

clayey Morley and nearly level, somewhat
poorly drained, Blount in glacial till.

108.Mucks and peats: Nearly level, very

] . o poorly drained soils developed in organic
Appendix 3. Soil Associations materials.
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Appendix 4. Bedrock sequence™ underlying the St. Joseph River basin
Thickness
in meters
System/Series Rock Unit (feet) Description
L Holocene
© > Pleistocene 15-150 | Unconsolidated material
58 (49-490)
. Coldwater Sh. 50 (165) | Shale: gray to greenish-gray, slightly silty
Mississippian
\Sunbury sh. | 3(10) | Shale: black
Ellsworth Sh. 12-60 Shale: alternating gray-green and black in bottom
(39-196) | part; grayish-green and containing some
/— |\ limestone dolomite lenses in top part
Antrim Sh. 18-66 Shale: black, fissile; greenish-gray shale in
(59-216) | places in lower third; pyrite common in bottom
Devonian part
Traverse Fm. 6-37 Limestone and dolomitic limestone: brown, tan
(20-121) | and gray, very fine grained to coarse grained,
biofragmental; light-colored to tan fine-grained
oolitic dolomitic limestone common in top part
e S
Detroit River Fm. 5-50 Limestone and dolomite: mostly tan to gray,
(16-164) | variably fine grained, argillaceous, bioclastic,
sublithographic, and, in places, brecciated and
mottled; contains a gray to tan fine-grained
argillaceous dolomite in lower part and a tan
lithographic limestone near the top
Wabash Fm. 30-61 In upper part, limestone and dolomotic
(98-200) | limestone: light-colored, granular, fossil-
fragmental, cherty, slabby bedded. In lower part,
dolomotic siltstone and silty dolomite: gray,
dense to fine-grained, argillaceous, thick-bedded
to massive. Carbonate bank, reef, and reef-
Silurian detrital facies throughout, mostly dolomite: light-
colored, granular, vuggy, notably fossiliferous
Pleasant Mills 37-91 Dolomite and dolomitic limestone: light-,

Fm. (121-298) | medium-, and dark-brown, dense to medium-
grained; finely vuggy in part, algal laminated in
part

Salamonie Dol. 45-80 In upper part, mostly fairly pure dolomite: light-
(148-262)| colored, granular, vuggy, very porous, partly
reefy. In lower part, mostly dolomite: gray and
tan, dense to fine-grained, argillaceous, partly
cherty

Continued
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Appendix 4. Continued
Thickness
in meters
System/Series Rock Unit (feet) Description
Silurian| Cataract Fm. 6-25 Dolomite or limestone: light- to medium-brown,
(20-82) | fine- to medium-grained, impure, cherty, and sha-
ly in parts
Maquoketa Grp. | 75-250 | In upper and lower parts, shale: in middle part,
(246-820) | gray dolomite and calcareous shale
NW
Trenton Ls. 50-70 Dolomitic limestone and dolomite: tan,
(164-230) | fossilferous
Ordovician | Black River Grp. 30-75 Limestone: tan, very finely crystalline to
(98-246) | lithographic, argillaceous and dolomitic
D Gl N
St. Peter 0-18 Sand and friable sandstone: fine to medium, in
Ss. (59) well-sorted, rounded, and frosted quartz grains
Joachim Dol. 0-30 in upper part, dolomite: light- to dark-colored,
(98) very fine to fine-grained, silty to very
argillaceous; interbedded with greenish to black
shales. In middle part, dolomite and limestone:
very fine to fine-grained; interbedded with
greenish argillaceous dolomite
D e S N
Knox Dol. 50-105 Dolomite: gray to tan, fine crystalline; very cher-
(164-344) | ty in the upper part
Franconia Franconia--sandstone: light-gray, fine-grained,
Fm. friable; some glauconitic and gray compact
dolomite
Ironton Ironton--sandstone: white to medium-gray; some
Ss. Davis 45 dolomitic sandstone and dolomite
Galesville | Fm-| (148) | Galesville-sandstone: fine- to coarse-grained,
Ss. clean
Davis (replaces other formations in eastern part
of area)--dolomite: brownish-gray, fine- to
medium-grained; dolomitic siltstone: yellowish-
gray; shale: dark-gray, brittle; and limestone:
Cambrian brownish-gray, shaly
Eau Claire Fm. | 120-185 | Dolomitic sandstone: pink; shale: green, maroon,
(394-607)| and black; and silty dolomite: tan
Mt. Simon Ss. 90-530 | Sandstone: pink to white, fine- to very coarse
(295-1738)| grained, in angular to subrounded quartz grains,

PreCambrian

mostly poorly cemented but well-indurated in
some places

Granite, basalt, and arkose

*Compiled from Becker and Hreha (1978), Gray and others (in preparation), Doheny and others, (1975), Droste and others
(1982), Rexroad and Droste (1982), Keller and Burger (1970), and Shaver and others (in press). Thicknesses are not scaled

into vertical heigh

t of table.
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Appendix 5. Effects of Lake Michigan on the Climate of the St. Joseph Basin

Lake Michigan has a considerable effect on the temperature and precipitation regimes of the
western St. Joseph Basin. Nearest the lake (from shore to approximately 15 miles inland), there
is a one- to two-week lag in springtime warming, because water heats more slowly than land.
Average spring and summer temperatures remain slightly lower just inland of the lake, while fall
and winter temperatures are slightly warmer.  In autumn, the first killing frosts arrive one to two
weeks later due to the water’s warmth relative to the quicker cooling of the land.

Warm, moisture-laden air from the lake is also largely responsible for increased cloudiness (par-
ticularly during winter) and greater snowfall amounts in western areas of the basin.  “Lake-effect
snows” most commonly extend 35 miles inland of Lake Michigan, and thus primarily affect that
part of the St. Joseph River basin bounded on the east by a line extending from Kalamazoo, Michigan
to near Elkhart, Indiana. However, strong westerly and northwesterly winds can occasionally cause
these snowfalls over most parts of the basin.

In Indiana, the heaviest snows occur in the South Bend-Elkhart area. Since 1966, the South Bend
weather station has recorded five seasons having more than 100 inches of total snowfall, including
the record 172 inches during the winter of 1977-78.  During the unusually snowy seasons bet-
ween 1976-77 and 1981-82, snowfall averaged nearly 115 inches per year (roughly equivalent to 11.5
inches of rain) and accounted for about 27 percent of the average annual precipitation for that
period. Similar heavy snows have been reported in the Michigan portion of the basin.  For ex-
ample, record amounts were reported during the 1976-77 season, when 155.5 inches accumulated
at Paw Paw. (Normal seasonal snowfall in Michigan ranges from 45 inches in some inland areas

to more than 60 inches in western counties and from 70 to 80 inches in far northwestern areas
of the basin.)

Despite the heavy snowfall amounts in western areas, the total influence of lake-effect snows
upon annual precipitation is not well defined.  For example, normal annual precipitaion totals
within the basin are greatest at Niles, Michigan (39.2 inches) and South Bend, Indiana (38.2 inches),
although Hillsdale, Michigan--more than 100 miles east of the lake--averages 37.8 inches. Amounts
in other parts of the basin vary from about 34 to 36 inches but in no descernible pattern with respect
to the lake effect. Nearest the lakeshore, greater precipitation totals during winter can be offset
by lesser amounts during summer, since summertime convection is often reduced near the lake
due to the stabilizing influence of the colder water surface.  Further away, however, other factors
influence the precipitation regime. A combination of lake-effect snows and apparent urban-related
increases in summer rainfall (Huff and Changnon, 1971), for example, may explain the higher
precipitation amounts near South Bend.
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Appendix 10. Selected Recommended Water Quality Standards’
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Aquatic Life  Public Supply irrigation Stock
Arsenic (As) 44° .0524 0.187 0.2¢°
Barium (Ba) - 1.024 .
Boron (B) 7557 5.0°
Cadmium (Cd)* .0063¢ 0124 .01° .05°
Chloride (CI) - 250%5
Chromium (Cn)* (Hex) p215 (Hex) g5z 18 1.0
Copper (Cu)* 0438 1.0°
Cyanide (CN) (free) .0528
Dissolved Solids (TDS) 500° 500-10007 5,0007
Fluoride (F) 2.424 1.0° 2.0°
Iron (Fe) 1.007 .38 - -
Lead (Pb)* 4008 .0524 5.0° e
Manganese (Mn) .05
Mercury (Hg)* .0041¢ .00224 .0017
Nickel (Ni)* 3.18 - A7 .
Nitrate (NO, as N) 10.0%* - 10.0°
pH 6.0-9.0° 5.0-9.0° 4.5-9.07 -
Sulfate (SO,) - 25035 -
Zinc (Zn)* 5708 5.0° -

'Values represent maximum values.
standard applies. Refer to 330 |AC 2-4 for water quality regulations on natural saimonid areas.

All values except pH are in mg/l; in the case of multiple uses the most protective

’Indiana Environmental Management Board, Regulation EMB-4 (320 1AC 3-3.1), Drinking Water Standards, 1979.
*Indiana Stream Pollution Control Board, Regulation 330 |AC 1-1, 1985.
‘U.S. EPA National Interim Primary Drinking Water Regulations, 1979a.
*U.S. EPA National Secondary Drinking Water Regulations, 1979b.

5U.S. Environmental Protection Agency, 1973.
’U.S. Environmental Protection Agency, 1976.
8U.S. Environmental Protection Agency, 1980.

*Values are maximum allowable at anytime at 200 mg/l hardness (as provided by IDEM).

Values vary with hardness.
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Appendix 11. Selected Aquatic Life Standards

Fish Community

Minimum Concentration
of Dissolved Oxygen

Temperature

"Warm Water Fish

4.0 mg/l (5.0* mgll)

Streams +5°F (2.8°C)**
Lakes +3°F (1.7°C)**

'Areas designated for
for Put-and-take trout

6.0 mg/l

Streams <65°5F (18.3°C)
or +5° F (2.8°C)**
Lakes no heat added

2Areas designated for
Salmonid Fish

Spawning or rearing
or imprinting

Cold Water Fish

6.0 mg/l (7.0 mg/l-
spawning season)

No heat added

Migration route

5.0 mgl/l
6.0 mg/l* (also limit during
migration)

85°F (29.4°C) or
+2°F (1.1°C)**

70°F (21.1°C) during
migration

*Average per day.

**Maximum rise above natural temperature.

"Indiana Stream Pollution Control Board Reglation 330 1AC 1-1, 1984.
?2Indiana Stream Pollution Control Board Regulation 330 |IAC 2-4, 1985.
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Appendix 15. Recommended water quality standards and remarks for selected chemical

constituents

Remarks

U.S. EPA’s
Recommended
concentration
Constituent timit, mg/l
Total Dissolved 500
Solids (TDS)
iron (Fe) 3
Manganese (Mn) .05’
Chloride (Cl) 250"
Sulfate (SO.) 250!
Nitrate 102
(NO, as N)
Fluoride (F) 1.4-2.42

Water with concentrations greater than 500 mg/l may have a
disagreeable taste. High values (1000 mg/l) my accelerate
corrosion of well screens, pumps and casings and cause
foaming and scaling in boilers.

Concentrations exceeding .3 mg/l cause staining of laundry,
utensils and fixtures and may impart a metallic taste. Values
above .5 mg/l may cause well screens to become encrusted.
Large quantities stimulate the growth of iron bacteria.

Manganese and iron have similar characteristics. Concentra-
tions above .2 mg/l discolors food during cooking and stains
laundry utensils and fixtures black. Food and water my have
a metallic taste at amounts above .5 mg/l. Amounts as low
as .1 mg/l stimulate growth of certain bacteria. Mn tends to
precipitate at concentratins above .05 mg/l and may form a
filter clogging sludge or slime.

Concentrations in excess of 250 mg/l in combination with
high sodium may impart a salty taste. Amounts above 1000
mg/l may be physiologically unsafe. Large amounts may ac-
celerate corrosion.

Concentrations greater than 500 mg/l in combination with
ions (expecially sodium and magnesium) can impart odors
and a medicinal or bitter taste to water. Amounts above 600
mg/l have a laxative effect for people unaccustomed to
sulfate-rich water.

Concentrations above 20 mg/l impart a bitter taste to drink-

ing water. Concentrations greater than 10 mg/l causes infant
methemoglobinema, a disease characterized by cyanosis or

a bluish coloration of the skin.

Fluoride concentrations ranging from about .9 mg/l to 1.7
mg/l help prevent tooth decay. Amounts above recommend-
ed concentration limits may cause mottled teeth. Serious
mottling of teeth and skeletal defects can occur with con-
centrations above 6.0 mg/l. (Limit varies on basis of climate
(temperature) and intake amount.)

'U.S. EPA National Secondary Drinking Water Regulations, 1979b.
2|J.S. EPA National Interim Primary Drinking Water Regulations, 1979a.
Other references: Hunn and Rosenshein, 1969; GWRSC, 1980; Lehr and others, 1980; Todd, 1980.
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Appendix 16. Public Water Supply Projections

The projections of future water withdrawals in the St. Joseph River basin were developed using
the methodology of the Governor’'s Water Resource Study Commission report (1980). Appendix
One of that report describes the methodology used to project future water withdrawals.

While the Governor’s study published water use projections for regions, the St. Joseph basin
covers only portions of regions 2 and 3a, and a very small part of Region 3b. Therefore, some
recalculations were necessary to make water use projections on a county basis, orin some cases,

only that part of the county that lay within the basin. In addition, projections were based upon
historical data through the year 1980.

Future projections of withdrawals were computed by multiplying the projected per capita usage
(gallons per person per day) by the projected population served for the year in question. Both

the projected per capita usage and the projected population served were for only that part of each
county in the basin.

As part of the Governor’s study, an analysis was undertaken of the service characteristics of
17 counties across the state. It was found that the percent of population served remained stable
over the study period in most counties. In a few counties where there was as abundance of ground

water, the percent served was declining. In a few more counties, the percent served was
increasing.

fn counties where percent served was declining, the trend line of the percent served decreased
about seven percent over 25 years from the year 1975 to the year 2000. The Governor’s study
used a decrease in percent served of 1 percent from 1975 to 1980, a decrease of 3 percent from
1980 to 1990 and another decrease of 3 percent from 1990 to 2000. Since this report has data
for 1980, water use projections were made only for 1990 and 2000. However, the 3 percent
decreases from 1980 to 1990 and 1990 to 2000 were still used to compute the percent served.

All counties in the St. Joseph basin had decreasing percent served except LaGrange and St.
Joseph counties whose percent served remained unchanged.

The projected population served for 1990 or 2000 was determined by multiplying the projected
county population in the basin by the projected percent served.

The projected per capita usages for the years 1990 and 2000 were developed from historical data.
First, a least-squares-error linear equation was fit through historical data of public utilities serving
more than 1000 persons in each county or that part of a county that lay within the basin. The
data covered a period from 1950 through 1980. Next, the 1980 per capita usage water calculated
for all utilities, that is, utilities serving populations greater than 1000 as well as utilities serving
populations less than 1000.  Finally, the 1990 per capita usage was then calculated by multiply-
ing the slope of the least squares line by 10 and adding this number to the 1980 per capita usage.
The 2000 per capita usage was calculated by multiplying the slope of the least squares line by 10
and adding this number to the 1990 per capita projection.

The results of the computations of projected water withdrawals are shown in the text under the
topic of public water supplies.





